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INTRODUCTION

Recent advances in our understanding of the parameters associated with tumor aggressiveness, response to
therapy, resistance and relapse point to a need for a better delineation of the cellular origin of human cancers.
In the prostate, cells are organized in a hierarchical manner, with rare populations of stem cells at the top of the
hierarchy. These give rise to more differentiated progenitors with high proliferation potential but limited self-
renewal termed “transit amplifying cells”, which in turn are believed to give rise to the terminally differentiated
cells whose primary function is secretory (Matusik et al., 2008; Xin et al., 2007). Knowing the target cell type
for prostate tumorigenesis is crucial for developing efficient diagnostic, prognostic and therapeutic approaches
that can lead to the elimination of the tumor (Dirks, 2008; Lawson and Witte, 2007). NKX3.1 encodes a
homeodomain transcription factor whose expression is androgen-dependent and largely restricted to the luminal
epithelial cells of the prostate (Abate-Shen and Shen, 2000; Abdulkadir, 2005). Functional studies indicate that
the primary defect in Nkx3.1 null mice is a failure of transit amplifying cells to undergo terminal differentiation
and exit the cell cycle in a timely manner (Abdulkadir et al., 2002; Magee et al., 2003). An oncogene
frequently overexpressed in human prostate cancer, MYC, has been implicated in stem cell function. MYC is
sufficient to activate a transcriptional program important for cancer stem cell function in multiple epithelial
cancers suggesting that it can promote self-renewal (Wong et al., 2008). Thus, our main goal is to test the
hypothesis that progenitor transit amplifying cells that accumulate in Nkx3.1-null mice are sensitive to
tumorigenic induction by MYC. We will also test the role of the histone deacetylase HDACI in regulating
chromatin modification, cell cycle exit and tumor susceptibility of Nkx3.1-deficient cells.

BODY
We will report on studies outlined in Aim 1 of the proposal which cover Months 1-12.

Aim 1: To test the susceptibility of Nkx3.1-null transit amplifying cells to transformation and
tumorigenicity by MYC in vitro and in vivo using primary and established cell lines. The in vivo studies
will use a facile tissue recombination system.

Task 1: Isolate prostate epithelial cells from N kx3.1+/+ and Nkx3.1-/- m ice, infect with MYC-
expressing or GFP control lentivirus . Generate and analyze num bers and sizes of prostaspheres form ed by
growth in matrigel. Serially passage prostaspheres by tr ypsin digestion; assess rate of formation of secondary
and tertiary spheres in m atrigel as an indica tion of self-renewal potential. 20 m ice. Months 1-3. Task 2:
Molecular characterization of pr  ostaspheres using RT-P CR and immunohi stochemistry for m arkers of
differentiation. In vitro assays of transfor mation on len tivirus-infected mouse prim ary prostate epithelial cells:
focus formation and soft agar assays. 20 mice. Months 1-3.

Task 1&2 Results: We have successfully established conditions for generating prostaspheres in matrigel
from pri mary prostate cells isolated from wild t ype and Nkx3.1 knockout m ice (Fig. 1). The sphere cells
express the prosta te epithelial marker keratin 8, K8. Quantitation of prim ary sphere num ber and size did not
show a significant difference between wild type and knockout (Fig. 2). Ho wever, secondary spheres generated
by serial passaging show a trend for reduced num  ber of spheres from the Nkx3 .1 knockout m ice (Fig. 3).
Additional experim ents are underway to  determine if this difference is st atistically significant. Additional
support for a change in self renewa 1 due to lack of Nkx3.1 is provided by gene expression analysis using
quantitative RT-PCR (fig. 4). The stem  cell related genes LgrS and B mil (Wong et al., 2008) in particular
showed reduced expression in KO cells.

Task 3: In vivo tissue recom  bination experim ents. Pr imary mouse prostate epithe lial ¢ ells f rom
Nkx3.1+/+ and Nkx3.1-/- m ice isolated and infected wi  th MYC and GFP-control lentiviruses. Cells are
recombined with fetal rat urogenital m esenchyme and implanted in severe combined immunodeficient mice. 86
mice, 15 rats (Months 1-12).

Task 3 Results: We isolated adult prostate epithelial cells from adult Nkx3.1+/+ and Nkx3.1-/- mice and
infected the m with lentivirus co-exp ressing MY C and YFP (yellow fluorescent prot ein) or YFP alone. The
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prostate epithelial cells were then r ecombined with fetal rat urogenital m esenchyme (UGM) in collagen an d
implanted under the kidney capsules of i mmunodeficient mice to regenerate prostates (Fig. 5A,B). Six we eks
later, the grafts (n=3 each) were harvested and  ch aracterized by histology. W e found that Nkx3.1+/+;Y FP
grafts for med norm al looking prostate glands, while Nkx3.1-/-;YFP grafts showed prostatic epithelial
hyperplasia consistent with the phen otype of Nkx3.1-/- mice (not shown). Nkx3.1+/+;MYC grafts on the other
hand consisted of glands containi ng high-grade PIN (HGPIN) lesions  while Nkx3.1-/-;MYC grafts showed
HGPIN with microinvasive carcinoma as confirmed by focal loss of sm ooth muscle actin as well as p63 basal
cell staining (Fig. 5C). The Nkx3.1- /-;MYC grafts also showed higher proliferation without a concom itant
increase in apoptosis (F ig. 5D). The results of this pilot study with a single time point indicate cooperativity
between Nkx3.1 loss and Myc overexpression in prostate ca ncer. Additional tissue recom bination experiments
are ongoing to generate more grafts.

KEY RESEARCH ACCOMPLISHMENTS

e Establishment of prostate sphere assay

e Demonstration that loss of Nkx3.1 does not affect primary prostate sphere number or size

e Demonstration of alterations in stem cell genes (Lgr5 and Bmil) in Nkx3.1 KO prostate cells

e Demonstration that loss of Nkx3.1 cooperates with MYC expression in prostate tumorigenesis in vivo

REPORTABLE OUTCOMES:
None

CONCLUSION:

We have found that Nkx3.1 loss may affect self-renewal of prostate epithelial cells in in vitro prostate
sphere assays. Furthermore, loss of Nkx3.1 affects expression of some stem cell genes. These interesting
findings may indicate a defect in Nkx3.1 deficient cells that has to be overcome for tumorigenesis to proceed,
hence the need for cooperation with other mutations such a Myc expression. This is supported by out in vivo
tissue recombination data with Nkx3,1 knockout cells. These findings need to be confirmed. We have found
that secondary sphere assays with Nkx3,1 knockout cells is difficult due to loss of viability of the cells,
necessitating the use of more mice than anticipated. We have also had some failed grafts in in vivo studies due
to loss of cell viability. These technical difficulties have been overcome. Going forward, we are generating
more grafts to confirm our findings.
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SUPPORTING DATA
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Fig. 1: Prostaspheres from Nkx3.1 wild type (WT) and knockout mice (KO). A) Primary prostate epithelial cells were isolated from
adult (8week) old mice of the indicated genotypes. Cells are grown in matrigel and images captured after 10 days. B) Fluorescence
confocal microscopy demonstrates that these spheres express luminal epithelial marker K8. (Nucleus -blue, K8 - red)

Fig. 2: Loss of Nkx3.1 does not affect primary sphere formation. A) Formation of WT and KO spheres averages 1 out of 5000 cells
seeded. (n=7 trials each). B) WT and KO spheres average 100um diameter. (n=7 trials each)
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Fig 3: Effect of Nkx3.1 loss on self-renewal. Secondary spheres are formed (G2) by dissociating primary spheres and re-plating in
matrigel. Nkx3.1 knockout spheres show a trend towards decrease in self renewal. N=2 trials. Additional trials might help to clarify if
a statistically significant difference is seen.
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Fig. 4: Quantitative RT-PCR analysis for expression of stem cells markers in Nkx3.1 mutant prostate cells. Not changes in Lgr5 and
Bmil. * P<0.05
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Fig. 5: Cooperativity between MYC and Nkx3.1-loss in vivo by prostate regeneration. A, Schematic of lentivirus expressing MYC
and YFP. B, Outline of tissue recombination and subrenal capsule grafting. C, Histology, focal loss of basal cells (p63) and
microinvasion (focal loss of smooth muscle actin, SMA) indicate progression in Nkx3.1-/-;MY C prostate grafts compared to
Nkx3.1+/+;MYC grafts (N=3 each). D, Increased proliferation (phospho-histone H3, pHH3 and Ki67 staining) in Nkx3.1-/~;MYC
grafts compared to Nkx3.1+/+;MYC grafts. Double staining with MYC was used to enable quantitation of proliferation in MYC-
expressing glands. Apoptosis (activated- caspase3 staining) was unchanged. ***Note: Statistical analysis pending additional graft

data.




